Abstract. Long non-coding RNAs (lncRNAs) have been suggested to serve important roles in the development of a number of human cancer types. An increasing amount of data has indicated that the lncRNA small ubiquitin-like modifier 1 (SUMO1) pseudogene 3 (SUMO1P3) has been involved in various types of human cancer. However, the function SUMO1P3 in the development of pancreatic cancer remains unclear. Firstly, reverse transcription-quantitative polymerase chain reaction was performed to determine the expression of SUMO1P3 in pancreatic cancer tissues and cell lines. Then, cell counting kit-8, wound-healing and transwell assays were conducted to explore the effect of SUMO1P3 on pancreatic cancer cell proliferation, migration and invasion. Finally, the EMT-associated proteins were evaluated by western blotting. The results of the present study revealed that SUMO1P3 expression was elevated in pancreatic tissues compared with the corresponding adjacent normal tissues. Additionally, the data indicated that the increased expression of SUMO1P3 is significantly associated with tumor progression and the poor survival of patients with pancreatic cancer. Furthermore, the present study identified that SUMO1P3 knockdown may suppress the proliferation, migration and invasion of pancreatic cancer cells. Additionally, downregulation of SUMO1P3 suppressed the epithelial-mesenchymal transition (EMT) and increased the expression of epithelial cadherin, and decreased the expression of neuronal cadherin, vimentin and β-catenin. Taken together, the results of the present study demonstrated that SUMO1P3 may participate in EMT and pancreatic cancer progression, thus suggesting that it may be a novel diagnostic and therapeutic biological target for pancreatic cancer.
Introduction
Pancreatic cancer is one of the most common types of cancer that leads to increased mortality (1) . Although significant improvements have been made in the diagnosis and treatment of pancreatic cancer in the last few decades, the prognosis of pancreatic cancer remains poor due to its aggressiveness and early systemic dissemination (2) . The majority of patients with pancreatic cancer is diagnosed at an advanced stage of disease and is not eligible for curative resection, thus leading to high mortality rate (3) . Therefore, it is imperative to investigate the molecular mechanisms underlying the development of pancreatic cancer in order to identify biological markers for the early diagnosis and the development of novel therapeutic agents in pancreatic cancer.
Long non-coding RNAs (lncRNAs) are a class of RNA molecules >200 nucleotides in length that do not encode proteins (4) . Accumulating evidence has suggested that lncRNAs exhibit important roles in a number of fundamental cellular processes, including cell growth, apoptosis and differentiation by regulating gene expression at the transcriptional or post-transcriptional level (5, 6) . Previous studies have demonstrated that several lncRNAs may be dysregulated in various types of human cancer (7, 8) . Pseudogenes including small ubiquitin-like modifier 1 pseudogene (SUMO1P3) are considered as a separate class of lncRNAs (9) . SUMO1P3 was originally identified as a potential biomarker for the diagnosis of gastric cancer in 2013 (9) . Furthermore, increased expression of SUMO1P3 has been reported in bladder cancer tissues, and it is significantly associated with a greater histological grade and advanced tumor-node metastasis (TNM) stage (10) . An in vitro study further demonstrated that knockdown of SUMO1P3 inhibited bladder cancer cell proliferation and induced bladder cancer cell apoptosis (10) . However, the biological function of SUMO1P3 in pancreatic cancer and its potential molecular mechanisms remain unclear.
In the present study, the expression of SUMO1P3 in pancreatic cancer tissues and the paired adjacent normal pancreatic tissues was evaluated, and its effects on epithelial-mesenchymal transition (EMT). The objective of the present study was to clarify the biological function and potential mechanism of SUMO1P3 in the development of pancreatic cancer.
Materials and methods

Patient tissue samples.
A total of 48 pairs of pancreatic cancer tissues and paired adjacent normal tissues were collected from patients undergoing surgical resection at The Pancreatic Cancer Center, Fenjinting Hospital between January 2009 and October 2013 (mean age 63.3±8.86, age range, 37-71). All of the enrolled patients in the present study underwent surgery during which samples were collected. All specimens were frozen and stored in liquid nitrogen until further use. No patients received preoperative anticancer treatment, including chemotherapy or radiation prior to specimen collection. The present study was conducted with the approval of the Ethics and Research Committees of Fenjinting Hospital (Jiangsu, China) and was performed in accordance with the Declaration of Helsinki. All patients provided written informed consent prior to their participation in the present study. The clinical characteristics of all the patients are summarized in Table I .
Cell culture. The human pancreatic cancer cell lines BxPC-3, PANC-1, MiaPaCa-2, and ASPC-1 and the normal pancreatic ductal epithelial cell line HPDE6-C7 were purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA). Cells were cultured in Dulbecco's modified Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 50 U/ml penicillin and 0.1 mg/ml streptomycin. Cells were cultured at 37˚C in a humidified atmosphere containing 5% CO 2 .
Small interfering (si)RNA transfection. siRNAs that targeted SUMO1P3 and a scrambled negative control were purchased from Shanghai GenePharma Co., Ltd. (Shanghai, China). The target sequence of siSUMO1P3 was 5'-TGG CCC TGA TGT TCT AGC ATG TGA T-3'. The RNAs were introduced into cells at a final concentration of 50 nM. Transfections were performed using the Lipofectamine 3000 kit (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the manufacturer's protocol. The knockdown efficiency was assessed by reverse transcription-quantitative polymerase chain reaction (RT-qPCR) 48 h after transfection.
RNA extraction and RT-qPCR. Total RNA from tissues and cells was isolated using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. Total RNA was reverse transcribed into cDNA using PrimeScript RT Reagent kit (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. qPCR was performed using SYBR Premix Ex Taq (Takara Biotechnology Co., Ltd., Dalian, China), according to the manufacturer's protocol. The primer sequences were as follows: SUMO1P3, 5'-ACT GGG AAT GGA GGA AGA-3' (forward) and 5'-TGA GAA AGG ATT GAG GGA AAA G-3' (reverse); GAPDH, 5'-CGC TCT CTG CTC CTC CTG TTC-3' (forward) and 5'-ATC CGT TGA CTC CGA CCT TCA C-3' (reverse). The thermocycling conditions were as follows: Initial denaturation at 95˚C for 10 min, followed by 40 cycles at 95˚C for 15 sec and extension at 60˚C for 1 min. Relative expression of PHGDH was normalized to the expression of GAPDH.
Relative expression of PHGDH was calculated using the 2 -ΔΔCq method (11) . All experiments were performed in triplicate. RT-qPCR was performed using the ABI PRISM 7500 PCR System (Applied Biosystems; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. The median value was the cutoff between low and high SUMO1P3 expression in patients with pancreatic cancer. The median value was included in the low group.
Cell proliferation and colony formation assay. Following transfection with si-SUMO1P3 or si-negative control (NC), BxPC-3 panc-1 cells cell proliferation was accessed using Cell Counting Kit-8 (CCK-8; Dojindo Molecular Technologies, Inc., Kumamoto, Japan), according to the manufacturer's protocol. A total of 2,000 cells were plated into 96-well plates. Following culture for 24 h, 100 µl CCK-8 was added into wells and the viable cells were evaluated at a wavelength of 450 nm. For colony formation assay, 500 cells per plate were seeded in 6-well plates and incubated for two weeks. Then, colonies were fixed with 4% paraformaldehyde at room temperature for 15 min and stained with crystal violet. A total of five fields were randomly selected and cells were counted under a light microscope at low magnification (x100). Colonies that contained >50 cells were designated as survivors.
Cell migration and invasion assay.
To measure the migratory ability of pancreatic cancer cells, a wound-healing assay was performed. BXPC-3 and PANC-1 cells were cultured in a 6-well plate until they reached 100% confluence. The monolayer cells were scratched using a 200 µl sterile pipette tip to create the wound. Cells were cultured with DMEM without FBS at 37˚C for 24 h. The migration of cells across the gap wound was measured using light microscopy (x100 magnification). The invasive ability of pancreatic cancer cells was assessed using a Matrigel-coated Transwell chamber (BD Biosciences, San Jose, CA, USA). A total of 2x10 4 cells in 100 µl of serum-free medium were plated in the upper chamber. DMEM medium supplemented with 10% FBS was plated in the lower chamber. Following incubation for 24 h at 37˚C in a humidified atmosphere containing 5% CO 2. The non-invading cells on the upper surface of the well were scraped off with a cotton swab, and the invading cells on the lower surface were stained with 4% crystal violet at room temperature for 10 min and counted using a light microscope (x200 magnification). Each experiment was performed in triplicate.
Western blot analysis. Cell proteins were extracted with ice-cold lysis buffer (1 mM EDTA, pH 8.0, 50 mM Tris/HCl, pH 7.4, 150 mM NaCl, 1% NP-40, 0.1% SDS and 0.5% sodium deoxycholate, pH 7.4). After 30 min on ice, cell debris was removed by centrifugation at 15,000 x g for 15 min at 4˚C. A basic protein quantification kit (BioVision, Inc., CA, USA) was used to determine total protein concentration. Equal amounts of the protein (20-40 µg/lane) were separated by SDS-PAGE (10% gels) and transferred onto polyvinylidene difluoride (PVDF) membranes and the blots were blocked for 1 h using 5% fat-free milk at room temperature. The membranes were incubated with the following primary antibodies: Anti-vimentin (5741; Cell Signaling Technology, Inc., Danvers, MA, USA; 1:1,000 dilution); Anti-neuronal (N)-cadherin (13116; Cell Signaling Technology; 1:1,000 dilution); Anti-β-catenin (8480; Cell Signaling Technology; 1:1,000 dilution); Anti-Epithelial (E)-cadherin (3195; Cell Signaling Technology; 1:1,000 dilution); and anti-β-actin antibody (sc-58673, Santa Cruz Biotechnology, Inc., Dallas, TX, USA) overnight at 4˚C. Following primary incubation, membranes were incubated with secondary antibodies (cat. no. AB6721; 1:3,000; Abcam) for 1 h at room temperature Finally, protein bands were developed with Amersham ECL Western Blotting Detection reagent (GE Healthcare Life Sciences, Little Chalfont, UK) and visualized using a gel imaging analysis system (Bio-Rad Laboratories, Inc., Hercules, CA, USA) and further analyzed using Image Lab software (version 3.0; Bio-Rad Laboratories, Inc.).
Statistical analysis.
All results are shown as mean ± standard deviation and were analyzed using GraphPad Prism version 6 (GraphPad Software, Inc., La Jolla, CA, USA) from at least three independent experiments. The χ 2 test was performed to explore the associations between SUMO1P3 level and clinicopathological factors. The Kaplan-Meier method was used to calculate the survival curve, and log-rank test to determine statistical significance. Multivariate analysis was applied to determine the independent indicator for overall survival of patients with pancreatic cancer. The differences between groups were analyzed using one-way analysis of variance (ANOVA) followed by the Student-Newman-Keuls test. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of SUMO1P3 is upregulated in pancreatic cancer tissues and cells.
To explore the role of SUMO1P3 in pancreatic cancer, the relative expression level of SUMO1P3 in 48 pairs of pancreatic cancer tissues and adjacent non-tumor tissues was examined by RT-qPCR analysis. As presented in Fig. 1A , increased expression of SUMO1P3 was identified in pancreatic cancer tissues compared with corresponding adjacent non-tumor tissues. The expression of SUMO1P3 was assessed in 4 human pancreatic cancer cell lines and normal pancreatic ductal epithelial cell line HPDE6-C7. The results revealed that pancreatic cancer cell lines demonstrated a higher expression of SUMO1P3 compared with that in the normal pancreatic ductal epithelial cell (Fig. 1B) .
Increased expression of SUMO1P3 is associated with the progression and poor prognosis of patients with pancreatic
cancer. The present study further investigated the association between SUMO1P3 expression and clinicopathological factors in 48 patients with pancreatic cancer (Table I ). The results revealed that the increased expression of SUMO1P3 was significantly associated with tumor size (P=0.019), lymph node metastasis (P= 0.028) and TNM stage (P= 0.034). However, there was no significant association between SUMO1P3 expression and age, sex, histological differentiation or tumor location. Kaplan-Meier survival curves (Fig. 1C) demonstrated that the survival of patients with pancreatic cancer with a lower expression of SUMO1P3 is significantly improved compared with that of the higher expression group (the median value was the cutoff between low and high SUMO1P3 expression). Furthermore, multivariate analysis indicated that increased expression of SUMO1P3 was an independent indicator for overall survival of patients with pancreatic cancer (Table II) .
Knockdown of SUMO1P3 impairs proliferation of BXPC-3 and PANC-1 cells in vitro.
In order to explore the potential biological function of SUMO1P3 in the development of pancreatic cancer, SUMO1P3 expression was silenced in BXPC-3 and PANC-1 cells. As presented in Fig. 2A , mRNA expression level of SUMO1P3 was significantly decreased in cells transfected with SUMO1P3 siRNA compared with the control group. Knockdown of SUMO1P3 significantly suppressed the proliferative ability of BXPC-3 and PANC-1 cells (Fig. 2B) , as assessed using a CCK-8 assay. Furthermore, a colony formation assay was also used to evaluate the cell proliferation ability. Knockdown of SUMO1P3 significantly decreased the colony formation ability of BXPC-3 and PANC-1 cells (Fig. 2C) .
Knockdown of SUMO1P3 inhibits cell migration and invasion.
Wound healing and Transwell assays were performed in order to measure the migratory and invasive ability of pancreatic cancer BxPC-3 cells and PANC-1 cells.
Knockdown of SUMO1P3 suppressed the migration ability of BxPC-3 ( Fig. 3A and B) and PANC-1 (Fig. 3C and D) cells. Knockdown of SUMO1P3 led a significant inhibition of the Table II . Cox multivariate regression analysis of the association of prognostic factors in pancreatic cancer. Table I . Association between the expression of SUMO1P3 and the clinicopathological characteristics of patients with pancreatic cancer. invasive ability of BxPC-3 and PANC-1 cells compared with that in the si-NC group (Fig. 4) .
95% CI -------------------------------
SUMO1P3 expression, n -------------------------------------------------------
SUMO1P3 is associated with EMT.
Since EMT is essential for tumor progression and metastasis (12), the effects of SUMO1P3 on EMT were analyzed by western blotting. The results showed that downregulation of SUMO1P3 resulted in upregulation of epithelial markers (E-cadherin) and downregulation of mesenchymal markers (N-cadherin, vimentin and β-catenin) (Fig. 5) . Taken together, these findings reveal that SUMO1P3 may be a positive regulator of EMT, with an important biological function in the development of pancreatic cancer.
Discussion
Numerous studies have demonstrated that several lncRNAs serve a critical function in the development and progression of various types of cancer, including pancreatic cancer (13) . For example, lncRNA-plasmacytoma variant translocation 1 functions as an endogenous sponge by competing with microRNA (miR)-488 to regulate Serpin Family E Member 1 mRNA Binding Protein 1 and therefore promote cell proliferation and migration in pancreatic cancer (14) . LncRNA-taurine-upregulated gene 1 may enhance the cell proliferation and migration in pancreatic cancer by regulating EMT (15) . Linc00673 may regulate non-small cell lung cancer proliferation, migration, invasion and EMT by functioning as an endogenous sponge by competing with miR-150-5p (16) .
LncRNA SUMO1P3 has been previously reported to be upregulated and may serve as a potential therapeutic target in several types of cancer (9, 10) . In the present study, SUMO1P3 was demonstrated to be upregulated in pancreatic cancer tissues compared with paired adjacent non-tumor tissue and increased expression of SUMO1P3 was significantly associated with tumor size, lymph node metastasis and TNM stage. Furthermore, the survival of patients with pancreatic cancer with a lower expression of SUMO1P3 was significantly improved compared with that of the higher expression group. Furthermore, knockdown of SUMO1P3 inhibited cell proliferation, migration and invasion. These results suggested that SUMO1P3 may serve an important role in the development of pancreatic cancer.
EMT is a vital pathological progress in the development and progression in numerous types of human cancer, including pancreatic cancer (15, 16) . During this process, cancer cells lose cell polarity and cell-cell adhesion and acquire mesenchymal characteristics, including motility and invasiveness (17, 18) . Cadherin switch (loss E-cadherin and gain of N-cadherin expression) represents an important characteristic in EMT (19) . E-cadherin, a canonical epithelial marker, has been widely accepted as a critical suppressor of motility and invasiveness of epithelial cells in numerous types of cancer (20) . Transcriptional downregulation or genomic deletion of E-cadherin expression may result in key pathological changes in tumor cells (21) . However, N-cadherin may promote invasion and distal metastasis in various types of human cancer (22) . Vimentin and β-catenin are well-established markers for EMT (23, 24) .
Therefore, the present study further assessed whether the biological function of SUMO1P3 on pancreatic cancer cells was via EMT induction. The results demonstrated that downregulation of SUMO1P3 led to upregulation of epithelial markers (E-cadherin) and downregulation of mesenchymal markers (N-cadherin, vimentin and β-catenin). These results revealed that SUMO1P3 may function as an oncogene in pancreatic cancer by regulating EMT.
In conclusion, the expression of SUMO1P3 was increased in pancreatic cancer tissues and cell lines, and increased expression of SUMO1P3 was associated with the malignant status and poor prognosis in patients with pancreatic cancer. Knockdown of SUMO1P3 suppressed cell proliferation, migration and invasion in pancreatic cancer by regulating EMT in vitro. 
